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Use ut a melanoma inhibiung activiiy tador ,M1A, r-^r cartilage anC bone repair 

Tne prescn: m\'enr:on reia:e^ to a method and a ct;:T:::'j>::iijn i.;'r :he mductivm or 
t.^.e jhondfL)- v")sreogen i^: iineage rrom rnesencn'/mai ^:cm ceHs an^i :or rroniniin^ 
cartilage and bone iormation usmg a melanon^a :nh;:"L:ma actr.'i:'.' raetor MIA 
prererabl',' in combmati^/n ^vith an ^)>teoindue::\-e p:o:c:n. 

M:A wa^ mniaUy dcsenbed a^ a ractor inhibiting t::e gr(j\v:ti ol' mahgnant 
melanoma eell hne HTZ-19 W'eilbach et al., (dancer Res. 3fj ^1990 (:981-6986;. 
Cloning and purification ot tine factor resulted in a no'/el 11 kD protein with anti- 
tumor acuvit}^ [WO 95/03328 i\ The bovine homolog CD-FLAP : r-i.rtiiage dcrivea- 
r-^dnoic acid-scusiiive protem; 'vva:> detected m cartilage prim.ordia and cartilage 
.Dietz, Lb, and Sandelb L., f. BioK Chem. 271 M9-o; 33 11-3316:. The mouse 
CD -ILA? 'MIA gene was localized m em.bryonic mouse cartilage and the transcripts 
\vere detected in chondrosarcomas Bosserhott et ab, Developmental Dvnamic^ 208 
■1997; 516-525). These data point to a normal expression of MIA in cartilage. 
Further data are derived from transgenic mice where MIA promoter directs the 
cartilage specific expression of lacZ ( Xie et ab, 44"'^' A.nnual Meeting, C-'rthopaedi^ 
Research Society^ March 16-19, 19v8, New Orleans, Louisiana!. XUA could also be 
used as a progression marker ror malignant melanom.a ■ Bosserhof: et ab. Cancer 
Research 57 a977) 3149ol53; DE 196 53 358 Al i 

Osteomductive proteins are proteins which induce ti'^e rail developmental cascade 
or endochondral bone formation towards chondrocvtes and osteocvtes and are, tor 
example, hedgehog proteins ' Sonic iShhb Indian Chh , Desert ,Dhhb Kinto et ak, 
Kmto et ak, FEBS betters 404 M99:'' 319-323 or memdoers of the bone 
morphogenetic protein tamikv' ■ BMPs). 

Hedgehog proteins, especial!'/ sonic hedgehc^g Sbh are responsible r^.^r the 
development t)r multiple organ svstems, including brain, spinal cord, craniotacial 
structures, limbs, the eve, left and right bod\' s'/mim.etr}', >omi:e patterning 
Hammerschmidt et ab, Trends Genet. 13 ;199T' 14-21 . Indian inedgehc^g Ihh 
pia\-> a role :n cartilage development \'ortkamp et al., Sc:e::ce 2~3 i^-- *C5-^C2: 
banske et ak, Science 27^3 lV9rv ^o3-{->or- . Desert hedgehog Dnh is m\'oi\'ed m 
the de\-elopment oi m.ale germ ime ceils. Further evidence for mv'oK'ement o\ 
iiedi^ehoa, c.'Z- Shh, m bone de\'eiopmient and repair :s ^r.'en bv mu tat urns leading 
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nu"an hoic^pr* ;>enphaiv R-jessler ct jA., Hunan M^Ac^uiJir Genc::^.^ Ir-v^ 
1S47- 1853; Boilon: Ji., Xaruro Gene::c^ 14 l^v^ 333 an^i b'/ the mducri.jn 
ectopic bone atier expressing Shh m rlbi-v^bla^o and :ran:>plantat:on or :ne cebs :n 
muscles Xakamura et ab, BBRC 231" . H^,C 4^5-4pV.; Kintv^ et ab, rblHS be::er> 
5 404 ■ i 997 3 19 -323;. 


bune m^irphogenetic protein.^ BMP>: are rriolecules which are respc:)nsrDle tor the 
rormarion of bone, cartilage, tendon, and other ti->'aes, shown bv ectopic bone 
rornaatum OVWjznev et ab, Science 272 i l988 738-:'4i:. The unique inductive 
activities of the-.e proteins, along with their presence m bone, suggest that thev are 
b7' important regulators of bone repair processes and may be involved in the normal 

maintenance of bone tissue. Manv such protein^ are i<now^n which can be divided 
into several sub-families (Reddi, A.H., Cytokine Sc Growth Factor Reviews 8 ( 1997; 
I1-20O Such BMPs are, for example, B\IP-2 to 3MP-14 and the growth and 
developmental factors GDF-1 tr> GDF-14. 

15 BMPs are important signahng factors and regulate the multistep sequential cascade 

in bL»ne and cartilage formation such as chemotaxis, mitosis and dirterentiation. 
Fspeciallv, BMP-2, BMP-3, BMP-4, BMP^S, BMP-7 initiate chundrogenesis and 
osteogenesis. 

In the case of promoting bone healing, onlv limited success has been achieved. 

20 Currentlv, large bone defects i orthopedic reconstruction; are treated with either 

bone or bone powder grafting either autografts or allografts. In addition, m ail cases 
of bone fractures about 5-lO^ci show difficulrv in healing, either delaved union 
: healing only after 6 month; or no healing (non-union still after 9 month" 
■Einhorn, T.A., journal Bone and Joint Surgerv, American \'olume ""A 1995 

-5 940- ^'5o;. Allograft bone and bone pow'der are aeri\'ed from human donors and can 

be .stored in bone tissue banks, but are limnted. Since it is hum^an material, extensive 
screening for viral '. e.g. HI\', HBW HC\' and bacterial contamination is necessarv. 
Also graft rejections mia\' occur. The n^atenal vanes m qualiT.' dependmg on doner. 
The use of autolog(^us bone is often accompanied hv morbiditv at the graft site 

3 ■ ■ Mu.^chler et ab, Ghn. Ortnop. Pel. Res. 19^(V 250-2r(j . In addition there is onb.- a 

umitea amount of sucn a n^arerM: awnbiLde :'ron^ tne autvji.^izous donor. 
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C::nical trials :or SMP-2 and BMP-" a](>ne pr::n:o:^ oo::e heahrii^ ha\'- been 
>rar:cd. 'i he rirst resuit> indicate that 3MP-2 .ir B'.[?-7 ^eem he e«;ui\-alen: 
'jon^ or heme pi)\vder grarrs Bev/ne, h Oral Maxillorae. Sianz- 53 suppi 4 IvVr vl; 
Kirker-Head et ah, Clm. Orthop. 218 ■ 1995 2:2; Johnson et ah, Chn. Ortho::. I'T:' 
1 v92 ■ 229 About 2.5 to b.S rng per g matrL\ are used. 

"here i> a high medieal need re»r improved and enhanced cartilage repair. Curren: 
therapies for acute defect.s ''e.g. car or .^port accidents , either pamai thickness, fuh 
th.cknes^ or gap derecis, are excision, debridement or waiting for verv rareiv 
occurring selr-healing. There are some therapies under investigation, e.g. mosaic 
plastic, using autogenous bone/cartilage graft in the shape of a cyhnder for lar^e 
defects. There are a few cell ther.-inv approaches m preclinical and premarketing 
stuaies. Autologous chondroc)tes isolated during a biopsy are cultivated in vitro as 
a monolaver (Brittberg et ah, N. Engl, h Med. 331 (1994 J 889-8951, The 
dedifferentiated cells are injected under a periosteal flap sutured over the defect in 
an open knee surgery. Mesenchymal stem cells are in preclinical studies which can 
differentiate into chondrocytes on an appropriate earner (US-P 5,486,3591. There 
exists no easy-to-use therapy yet using a protein or combinations of proteins. 

VVl) 98/30234 describes a composition of BMP and hedgehog protein.^. 
\V0 97'21447 describes a combination or osteoinductive bone morphogenetic 
protein '.e.g., BMP-7) and a morphogenetic protein stimulating factor lGF-1 for 
bone healing. WO 92/09697 describes a combination of BMP and TGF-S for such 
purposes. Factors healing cartilage either alone or in combination are described in 
WO 96/14335 i, cartilage derived morphogenetic proteins,! and WO 9"/23612. 

Further combinations of factors for bone healing are described in US-P 5,270,300: 
osteogenic factor :TGF-beta, TGF-beta and FGF, osteogenin, BMP, - com/mnations 
thereor7 and angu)genic factor .TGF-beta, angiogenin, angiotropin. FGF-2, PDGF-a 
and combinations thereor'^'' for bone healing; in US-P 5,c29,0()9: TGF-beta, EGF, or 
tactors derived from demmeralizcd bone matrix between about 10 and 90 'h-) bv 
weight of matrix) combined with FGF or PDGF; in BP-B 0 429 570 by Genetics 
Institute, Inc.: cc^mbmation of BMPs protein or DN'.A^ with different r.i:e r:t 
carriers. There are aiso mentioned cc^mbinaiions of BMPs '.vitn EGF, FGrs, PDGF, 
TGF-alpha and TGF-beta, 
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Tn^ in\'ention prtr/i^c> i mc±<)d r>r ::rprove^ —ducti'>n or .nonorv)- 
o^teogenic lineage ar:J pron:oring carriage ano er^^nceJ b«.ine iorn:iar:.m, u-::::^ 
MI A, preterablv m ^o::ibinat:on with an o^^teomdu j::-.'e rrt)tein. 

The invention turther relates to a n:ethoLi for nian_.racrur:ng a pharmaceutu-a! 
compc»sitit)n tor induction of the chondro-/* j^te^j^en: j nneaae and the 'oromotioo. 
or cartilage and bone :(~)rmanon, wherein a n:e:an. nia inhibiting aetivitv factor 
■MlA ^ according lo the in\'ention is used as an essential component or ihi> 
pharmaceutical co^niposition. It is turther preferred : use a combination of MIA 
and an osteoinductive protein as essential componen:>. The ratio of osteoinductive 
protein : MIA is preferably I : 1 to 1 ; 20. 


It was surprisingly found that ML\, preferablv in combination with an 
osteoinductive (osteogenic) protein, preferably with a '::one morphogenetic protein 
2, 3, 4, 5 or 7 or a hedgehog protein, results in cartilage and/or bone formation. 

By "osteoinductive protein" is preferably understood an osteogenic protein which 
5 induces endochondral bone formation. Chondrocvtes produce cartilageneous 

matrix followed bv osteoblasts and osteocvles whicn produce bone tissue. Early 
genes ot the chondro- 'osteogenic lineages, e.g CbfaA are therebv upregulated, and 
this ultimately leads to the formadon of chondroc-res and ostcoc\n:es. Such an 
osteoinduction can be achieved, for instance, through BMPs or hedgehog proteins. 
U BMP-2, BMP-7, or hedgehog protein iShh, Ihh or Dhh' is preferred. The 

osteoinductive proteins useful in this invention include also proteins such as 
TGF-fi, BMPs, and TGF-S combined with EGF. 

A substance's abilipv' to induce osteogenesis can be tested in a simple manner. For 
this purpose, for exam.pie, piuripotent mesenchymal ceils, e.g., C3H10T1 2 cells, are 
5 cultured with and wnthout the potential osteoinducti'/e factor. Controls and treated 

cells are m.easured tor alkaime phosphatase activir/. The activity can be measured 
photometrically using a suitable colonm.etric substrate, e.g., p-nitrophenvl 
phosphate ;Nakamura et ah, BBRC 237 ■ 199:^ 4n5-4n97 Increased activitv of 
alkaline phosphatase is scored as osteoinduction. .M ternatr/eiw ur:rcizula::<^n v^r 
osteocalcin and alkahne phosphatase :> measurec i\7'-FCi\ usm^ su::an!r 

primers ror osteocalcin and alkaline phosphatase. 
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A compounu's abihr.' to induce <:hu:Kirt.''i^e::o>i:> ^"ar. be tes:ed in ^'irr-: u>nna 
pluriporent niesencnvn:al ccCs, e.i;. C5H I^j'^l 1 or :^rc-cnondrouen:c celii, e.a. 
l\C]'}AC5AS. The cells are culavated m three-ain-:en^:t.)nal cultures, e.e. n:ucrun:ia>> 
culture wizh the inductor or a ^onibi nation .^f :nducrvo*'.> :or Vxo to three 'A'eeks. 
5 Collagen tvpe II a^ cartilage n^arker coulu be proven either bv 

inamunocvtochemi.strv u^ing mont^ch'nal ant:h(^die^ ■ r bv >Northern blot after R>sA 
isolation, Alcian blue staining pro\'es the existence of proteoglvcans. A dirferen: 
method would be to test ror aggrecan u^ing specinc pnn^.ers in RT-PCR reaction. 

In a rurther preferred embodiment (^f the mventic^n, MIA, preferablv m 
lU combination with an osteogenic protein, can be introduced in the cells via ^ene 

therapy methods ex vivo or m vivo. For thi^. method tne genes coding for MIA, and 
optionallv, for the osteogenic protein are introduced in t.^ne vector, preferabl;/ 
under the control of the same prom.oter, or in separate vectors. For an efficient 
expression of MIA and the osteogenic protein, it is necessary to use strong 
15 promoters in the vectors. Such promoters are, e.g., PGK or CMV' promoters. 

Preferably, the expression vector consists of such a strong promoter, the full-length 
mRNA of the chosen gene, e.g., BMP-2, BMP-3, BMP-4, BMP-5, BMP-7, Shh, Ihh, 
or Dhh, FGF, FIGF, PIGF, VEGF, an artificial intron and a poIy-A-site. For in vivo 
application, DNA is either lyophilized to collagen sponges, preferablv for 
20 osteogenesis, or applied wth anv other suitable carrier, preferablv hvaluronic acid 

or collagen tor application as a gel for chondrogenesis. For ex vivo application, cells 
ot the chondrogenic and osteogenic lineage are transfected with such vectors and 
subsequently implanted. 

The pharmaceutical formulation according to the invention mav also include an 
25 appropriate matrix, for instance, for delivery and/or support of the composition 

and/or providing a surface for bone formation. The matrix mav provide slow 
release or MIA, preferablv :n com.bmation with an osteoinducti\'e protein. Slow 
release for MIA is possible bv combining MIA with a m.atrix to which MIA is bound 
in a reversible manner bv ionic or hydrophobic interaction. Preferabi;^\ the 
3*J composition includes a matrix which is biocom.patible and/or biodegradable. 

Potential matrices for the com.positions contain, f^r exam.ple, hvaluronic acid, 
alginate, calcium sultate, tricalciuni pn(\sphate, n^uroxvlapatite, po-ivlactic- 
coglvcolid, polvanhvdndes, collagen, or combinations of these, whereby hvaluronic 
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ac:d, jlgina:e, heparm, collagen and or p(M;.'la^:x^^..'^!vv;oi:d or cer:va::\'es thereo: 
are preferred. 

For local bone repan", it is preferred to use M:A ■)r :ts connoination with the 
o^teijinductive protein. It is therefore prererred to u^e for osteogenesis form-stable 
5 matrices in close contact with the progenitor cells. \uA <)r the combination applied 

to a three-dimensional matrix like a sp(.)nge and pu: tightlv mto the defect enable 
cells, e.g. from periost or bone marro^v, to prof.ferare and dilferentiate into bone 
cells which are preferablv biodegradable. Preferred m.atenals for such sponges are, 
for example, collagen, alginate, tncalcium phi^sphate, h\'droxyiapatUe and 
10 combinations thereof. 


For the induction of chondrogenesis, it is essential that MIA or its combination 
with the chondrogenic/osteogenic protein should be directed to the locai cartilage 
defect. Cartilage progenitor cells are derived either trom the subchondral bone (m 
full thickness defects) or from the synovial membrane (in partial thickness defects). 

15 The treatment enables the cells to proliferate and to difterentiate w'hich results in 

the synthesis of new cartilage. Mature chondrocMes from the surrounding area 
could be stimulated, too. To this end, it is expedient that the pharmaceutical 
com.position should be applied directly onto, or into, the cartilage tissue, preferably 
by local implantation or local injection. Suitably, this is done by means of a syringe. 

20 Here, again, the use of a matrix is preferred. However, it is preferred that this 

matrix, rather than being form-stable, should be riowable like a gel or a paste. 
Preferably, the tlowabilir/ is high enough to allow the pharmaceutical formulation 
to be applied with a svringe. 

The dosage regimen will be determined by the attending physician, considering 
25 various facts which modifv the action of the form.ulation of the invention. Factor.^ 

which mav modibv' the action of the formulation mclude the amcmnt ot bone 
desired to be form:ed, the site of application, the condition of the damage, the 
patient's age, sex and diet, the seventy of anv infection, time or administration, and 
other clinical factors. The dosage m.av varv with the t^-pe of the matrix used in the 
3i ' reconstittition (U'bone. 

The m vent ion ftirther relates to a process for the production ot a pharn^.aceuticai 
agent which is characterized in that MIA is used as an essential component of this 
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::gent. In rhis process, it is prererred :o u>e 5oO pg or MIA per imrian: or rer :?uiu^ 
iniecrion. In j prererred embodiment, :he pharm.iceulieji jgent contains in 
andition in osteoinducri\'e protein. The ^^'elgnr ratio of osteoinduct:\'e 
protein : MIA is preferabh' 1 : i to I : 20. I: :s :hn> preterred to u:.e an exce^^ 
amount of MIA. In thib composition, it rreierred to use about 10(J im (^r 
osieoinducLive protein and about 500 |ag of MIA. Tr.e overall am.oun: of MIA ano 
osteoinductive protein is preferabb/ in the range bef-veen 2']0 and 800 fag, referred 
tc) gram of matrix protein. 


For the cartilage applications, such a pharmaceutical f3rm.ulation is preferably a gel 
10 based on a hyaluronic or collagen matrix. Such a gel is preferably injectable and is 

applied in an amount of 100 pi to 2 ml per bolus injection. In the case of 
appli ration in the bone, the use of a collagen sponge is preferred. 

The invention further relates to a pharmaceutical composition of this kind. A 
pharmaceutical composition of this kind can be applied for bone repair, 
15 osteogenesis in vivo, especially for the treatment of patients who suffer from bone 

defects and hence are in need of bone repair as well as for cartilage repair. 

A further object of the invention is a pharmaceutical composition containing an 
expression vector for MlA, and optionally, in addition, for an osteoinductive 
protein, or a combination of a vector for the expression of MIA with a vector 
20 capable of expression of an osteoinductive protein, as well as a method for 

manufacturing such a pharmaceutical composition. 

The following examples and references are provided to aid the understanding of the 
present invention, the true scope of which is set fortn :n the appended claims. It is 
understood that modifications can be m.ade in the procedures set torth with{^ut 
25 departing: from the spirit of the in\'ention. 

Fxample 1 

In vitro cell assay for induction of osteogenic differentiation 

Mesencn\'mai cells, e.g. C3r: IC-TI 2 ceOs are ^eeded mto ^o ^vei. plates. .\::cr 2 t 
hours, the osteoinductu'e factor, e.g. hedgehog or BMP, is added alone or va 
3i'^ combination with ML\ ■ see Table 1 . For control, ceils are untreated, .^fter 5 davs 
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c^-'r.irol d"d rreared ceils are jnar/7ed tv>r aikadne pn- '^phara.^c aern'ir/ and rr';:c:n 
^^■n:ent. Aikadne pht:srnala^e Ar aet^.■:r^' measLired phi):* :n^ctr:ea!l'/ u^ing p- 
nitrophen'/i phc)spha:e as a e^jluriiTLetric >i:b^rrate. ^nerease :n a^::v'i:;.' is ^eorea 
os:e()in Juetion. ror hedgehog !-.05 ug/mi was applied. MJA vvas tested in \"aru)u^ 
c^-)ncenrranons from 0.05 f^ig.'mi to 5i) ug;ml. 

MlA applied alone d:d not change the alkahne phosphatase activity, \V'hen MLA wa> 
applied in v^onibmation with hedgehog a s%'nerai>t:c errect \s';is obsjr\'ed re.:^ lilting m 
2 A rldd increase or alkaline phosphatase acti\'i:y. 


Table 1 

10 


Factoi 


mmoi PNP^min/mg 
protein 

% of control 

Hedgehog 

0.05 

14.43 

309 

' MIA 

50 

4.26 

91 

MIA 

1 

10 

1 ' 

3.85 

83 

MIA 

5 

4.14 

89 

MIA 

1 

3.9.S 

85 

MIA 

0,5 

3.71 

79 

MIA 

0.1 

3- 

81 

^ MIA 

0JJ5 

4.86 

104 

Hedgehog -r MIA 

0.05 - 50 

39.23 

83'^ 

: Hedgehog ^ MIA 

0.05 - 10 

26.60 


Hedi^eho^ -r MIA 

0.05 + 5 

30.57 

o54 

■ Hedgehog ^ MIA 

0.05 - I 

16.1 1 

345 

Hedgehog ^ MIA 

0.05 - 0.5 

20. L 8 

42^^ 

Hedgeht.ig - MIA 

0.05 - O.I 

25. o9 

D 3 v") 

Hedgehog - MIA 

0.05 - 0.05 

2:.u9 

45: 

i n.egati\'e ct.)ntroI 


4,0^ 

100 
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Example 2 

In vitro assdv for induction or cartilage n"iarker> 

Chondrc^cvtes or pigs were isolated :Vorn len^orai conavle:,. l^riniarv numan 
^hondro--ies were isolated rrom remoral condvies patients undergoing knee 
5 sur^erv. The cartilage was minced into smail pieces and mcubated :n m: '.vitn 

2 mg/nl of jollagena^e Ro^he Diagnostic. Gmbri, D:: and ^.:mg,mi or 
hvaluronidase Sigma: and 0.15 mg.ml DNa^e Roche Diagnostics (OmbH, Dh :or 
lb h at 3"''C. After centrifugation, the chondr^)c;>'tes '-cere needed m petri dishes tor 
proliferation. 

P) The dedifferentiated cells were U5ed for assays. 2 x I T cells in 10 ui medium were 

spotted per wdl in 9D-wel: plates. After 4 h, 200 ul medium w^ere added. Arter 7 
days, inductors w^ere added to the mucromass culture: BMP-2, hedgehog, MlA, and 
combinations thereof. Two to four weeks later, the cultures w^ere as^aved tor 
cartilage markers. Morphologically, chondrocytes are visible bv their round 

15 appearance. Immunoc>tochemistry show^. collagen t>^e II expression. 

Cytochemicallv, .Vlcian blue proves sulfated proteogivcans. With PGR, aggrecan 
and SOX9 could be shown. 

Example 3 

In vitro assay for induction of proliferation 

20 Chondroc\tes were isolated from the femoral condvles of pigs. 3,000^ cells were 

seeded in 9b well plates and cultivated for 3 davs. After 24 h of serum.-free 
incubation, MIA, BMP-2, Shh and combinations thereof were added. During the 
last 16 h of the 48 h serum-free induction period, BrdT labeling was present. The 
detection ELISA was done according :o the mstruciions of the manuracturer 

25 Roche Diat^nostics GmbH . 
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I\ihle 2 


factor 

ng.- ml concentration 

stimulation 



above serum-tree 



control 

: hedgehog 


88 



93 

■ BMP-: 

5(;0 

112 


lOO i 


MIA 

50,000 

195 

i 

ii:),ooo 

85 

1 

i 2,000 

99 

MIA ^ BMF-2 

' 50,0(: 0 - 500 

125 


lOjXf. - 5Cl' 

237 


50,0C'C' - 10[) 

203 1 


10,000 - 100 

133 

MIA + hedgehog 

; 50,ooit * 100 

115 


10,0(^0 - lOil 

224 


50,000 50 

261 


10,000 - 50 


fetal calf serum 


792 ' 

serum-free control 


100 


MIA alone and m com.bmation stimulates DNA svnthesis of pnm.arv chondrocMes. 
Example 4 

In vitro organ assav to studv chondrogenesis: mouse limb bud assav 

Limb buds are isolated rrom H12.5 to R15.5 mouse embr\'os 'XMRl^ usmg 
mucrodissecton scissors and watchmakers forceps under sterile conditions. I ne 
limb buds were rmsed in PBS containing an antibiotic-antinvv-cotic tro'r.^ Gibctv 
BRL '"15240-0390 then cultured m serum-rree BG'b medium, irom Gibco-BRL 
-:2591-020t'^ :or 48 h to b;4 h in organ culture dishes. After 24 h o: culture MlA. 
BMP-2 alone or various combination> or MlA and BMP were added. Meuu wer- 
changed everv dav. A: the end of the culture the Innbs were r:nseu m PBS, then 
rPved overnmht \n 4'■^^ raraforn^aldehvde, either processed for pararnn emODeUdmg 
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ror -.vholernount in siti: hvoridiza::*.)" ^e>cricr^ ill-::n^on, Oa:., .r. Mti: 

n'.'bridizJLUon: a practical approach, ^n; R:ck^^■v)', I). Han:e> BD ■ eds. i r:e 
:^racr:ca^ approach series, 0\:or.i Univ. ?re^.« 0\:.. :a. Now York, Tokvo l^Vl , 
Parafnn sections %vere stained with \''jn Ko>^a IC; '.■i:5iiah/e and qiiantitate the 
5 zniounz of calcified areas, stained with Alcian to assess cnondrogene^is. In 

addition in >itu RNA hvb ridi/atu">n was perrormea t. ^ anahv'ze uene expre,ssiu:i 
cnara^teristic tor cartiiai^e development, e.g. cohagen k, XHA, collagen X. 

Example 5 

Mouse bioassay for cartilage, bone> tendon and ligam.ent induction 

10 Similar to the Sampath and Reddi rat ectopic iinpiant assay, a mouse ectopic 

implant assay, using inbred C3H mice, 4 months old was performed ('Sampath and 
Reddi, Proc. Natl. Acad. Sci. USA SO ::i983; o591--95; WO 95/16035). ; a MIA 
alone, : b) BMP-2 alone and (c) combinations of Mk\ and BMP-2 were applied m 
the appropriate buffer, ().19'a trifluoroacetic acic for BMF-2 and lOO mM 

15 potassium-phosphate, 150 mM NaCl, pH 6.0 for MIA. As carrier were used 

collagen t\^e I matrix and hyaluronic acid. .Anv suitable carrier maybe used, e.g. 
collagen npe I matrix, coUagen-heparin mixture, gelatin capsules, hyaluronic acid, 
akinate or other functionally equivalent device, based on biocompatibihtv, 
biodegradabilit}', stability and mechanical properties. 

20 The implants w^ere placed intramuscular into the gluteus muscle of the mouse and 

left for 14 davs. After 14 davs the mice were sacrificed bv cervical dislocation. The 
implants were isolated and processed using standard histological techniques see 
Theory and Practice of riistological Techniques, ed. Bancroft and Stevens, 
Churchili Livingstone, 19960 Paraffin sections 4 um> were cut and stained wih 

25 vcm Kossa to visualize and quantitate the amount or cartilage and bone tissue 

induced in each im.plant. Positive e.g. BMP-2 and negative ,e.g. mock device 
implant control groups were compared to experimental im.plants. 

T^■) assess the quality of cartilage and. or bone induced, gene expression can :^e 
studied bv RNA m situ hybridization for cartilage and bone markers as described 
3- acove, u:.:mz cartilage marKer^ e.g. c.klagen k. couacen X and ;:^one marser^ e.g. 

cc:lki^aen k osteocalcin . 
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P.xample 6 

Moube bioassav tor cartilage, bone, tendon and ligament induerion ror DNA 
expression vectors 

Similar ro the Sampath and Reddi rat ectopic im.piant as>av, a mou>e ectopic 
5 implant assa\\ using e.g. outbred XMRI m:ce or mbred C3li m.ice, 2 m.t3nths old 

was performed ; Sampath and Reddi, Froc. Natl. Acad. Sc:. USA SO : 1983/ o591- 
b95; WO 95-16035. Expression vectors for :a' osteomd'j^tive ractor akme, c- MIA 
alone and combinations of osteoinductive factor and MIA were h-'ophilized m 
the appropriate buffer, e.g. TE-butTer i'Fang et al., Proc. Xatl. Acad. Sci. USA 93 
(1996'; 5753o758';. Anv suitable carrier mav be used, e,g. collagen V)^c \ matrLX, 
collagen -heparin mixture, geladn capsules, hvalnronic acid, alginate or other 
functiunaily equivalent device, based on biocompatibihn/, biodegradability, stability 
and mechanical properties. 

The implants were set intramuscular into the hindlimb muscle of the mouse lor 
15 seven and 14 davs. After seven and 14 da\'S the mice were sacrificed by cervical 

dislocation. The implants were isolated and processed using standard histological 
techniques ,see Theor/ and Practice of Histological Techniques, ed. Bancroft and 
Stevens, Churchill Livingstone, 1996 i. Paraffin (4 lam ; sections can be stained with 
Toluidine Blue, Alcian Blue, von Kossa, Movat or Hematox^^v^lin/Eosin to visualize 
20 and quantitate the amount of tendon, ligament, cartilage and bone tissue induced 

in each implant. Positive ^e.g. BMP-2, shh expression vector' and negative ;e.g. 
mock device; implant control groups are compared to experimental implants. 

To assess the quality- of cartilage and/or bone induced, gene expression can be 
studied bv RNA in situ hvbridization for cartilage and bone markers as described 
25 above. 

Example 7 

Non-union fracture model in rabbits i radius osteotomv 

.\ non-union detect of 1.5 cm in length was produced at the radius or acLu:t ranni:> 
m order to assess ri^e abihtv of the combination^ v:: Mh\ alone and MiA. :n 
30 combination with BMP or hedgehog protems and appropriate carrier to arrec: bone 

rerair. The animals were anesthetized b'.' intravenous iniection o: 
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/r.-!.izine, keiarnme, and ^ur^erv \va:i carrier our under sterile ^(.)::d:ti(^n>. I he Jcicc: 
^va^ either ierr er:ipr--, h:led '.vi:h rue appnjurijie earner. ^,>r iilied ^vlrn a earner 
e.)r:taiuing \HA and BMP, or each of :he^e rd^t^r^ ai^ne. Animals were a^!u\ved u^ 
nue^ve r re civ and X-ravs were earned P.vo anu rour week^ alter >urgerv m i)rder to 
assess the rate of bone defect heahni:. At the end or .^tudv, the animals were killed 
under anesthesia and rhe bone defect site was removed ror hrNtologiv:al exannnation. 
usn^.g the V(.)n ivossa and Goldner stain so as ro qLiantir.- and characterr/e the quaiir/ 
of newlv formed repair nssue. 

Example 8 

Full thicicness articular cartilage repair model 

A full thickness articular cartilage defect mode: m the femoral-patellar ioint of adult 
rabbits is used to assess the abilin^ of MIA alone or in combination with BMP or 
hedgehog protein and carrier to affect cartilage and bone repair. Adult rabbits are 
anesthetized and prepared for sterile surgery. An up to 4 x 4 mm detect through 
articular cartilage and into underlying subchondral bone is drilled into the patellar 
groove of the knee joint. The defect is either left emptv, fdled with the appropriate 
carrier, or filled with a carrier containing MIA alone or in combination with BMP 
or hedgehog protein. Animals are allowed to move freeiv for four weeks. After four 
weeks the animals are humanely euthanized and the articular cartilage/subchondral 
bone defect site is evaluated histologicallv ror tissue architecture, quanrlt^' and 
quahry of the repair. 

Example 9 

Partial thickness articular cartilage repair model 

A partial thickness articular cartdage defect model m the fem.oral-patellar iomt or 
adult rabbits is u^ed to assess the abihtv of MIA alone or in conVomation w-ith BMP 
or hedgehog protein and carrier to arfect cartilage and bone repair. Adult rabbits 
are anesthetized and prepared for sterile surger'.'. An up ro 4 x 4 mm. hole is drilleu 
through articular cartilage into the patellar groove of the knee iomt, leavuug the 
underlving subchondral bone mta^t. The defect :s eitner left empr/, tilled u-:h the 
apprcTpriate earner, or filled witu i carrier MIA aicoe or -.n conUn nation \Mtu BM:' 
or hedgehog protein. .-Vnimals are allowed to move rreelv tor rour weeks. Arter lour 
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weeks the ^rwmais are humanclv euthanized and :he ar::cuiar cartilage derce: ^iie 
evaluated hisrolomcahv for tissue architecture, quantir." and quantv or the repair. 
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